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VIBRATING STRUCTURE DISPLACEMENT 
MEASURING INSTRUMENT 
Bruce Flagge, Yorktown, Va., assignor to the United 
States of America as. represented by the Administrator 
of the National Aeronautics and Space Administration 
Filed Sept. 26, 1966, Ser. No. 582,171 
lot CL GOlr 9/04 

U.S. CL 73 — 71.4 6 Claims 


ABSTRACT OF THE DISCLOSURE 

A noncontacting transducer coupled to a servo motor 
for moving it up or down over a vibrating structure as 
the transducer is moved along the structure to measure 
virbation deflection. The initial height of the transducer 
above the structure is set by manually adjusting an offset 
voltage which is added to a voltage generated by the trans- 
ducer to produce a zero voltage at the input of the servo 
motor. Any change in height of the transducer will re- 
sult in an error voltage at the input of the servo motor 
which will cause it to reposition the transducer to its 
initial height. The output of the transducer is indicative 
of the vibration of the structure. 


The invention described herein was made by an em- 
ployee of the United States Government and may be 
manufactured and used by or for the Government for 
governmental purposes without the payment of any royal- 
ties thereon or therefore. 

The invention relates generally to a vibrating structure 
displacement measuring instrument and more specifically 
concerns an instrument, using a nonconacting transducer, 
for automatically measuring the vibration amplitudes 
along the span of a vibrating structure of irregular 
contour. 

Many structural research investigations require the 
measurement of displacement amplitudes. Increased use 
of fragile and complicated models has made this measure- 
ment costly and in some cases impossible. Noncontacting 
transducers have succeeded in providing a displacement 
measuring method that does not alter the characteristics 
of the structure, but their use presents other problems. The 
displacement sensitivity of these noncontacting transducers 
is dependent upon the distance between the transducer and 
the structure, and the useful range is limited to about %o 
an inch. Constant transducer sensitivity in the past has 
been achieved with manual adjustment or profile guides 
of the structure to maintain a constant average distance 
between the transducer and the structure. These profile 
guides are expensive and in some cases impossible to fabri- 
cate to conform to irregular and unpredictable deforma- 
tion of some vibrating structures. 

It is therefore an object <?f this invention to provide a 
noncontacting vibrating structure displacement measuring 
instrument which does not require the use of profile guides 
or manual adjustments. 

Another object of this invention is to provide a non- 
contacting vibrating structure displacement measuring de- 
vice which has a constant sensitivity. 

A further object of this invention is to provide a non- 
contacting vibrating structure displacement measuring 
device which is not limited in the amplitudes of the vibra- 
tions measured. 

Still another object of this invention is to provide a vi- 
brating structure displacement measuring device which 
also gives phase information. 

The invention consists of a noncontacting transducer 
physically connected to a servo motor, which is moved 
along and over an excited structure to measure vibration 
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deflection. The initial height of the transducer above a 
fixed point on the static test surface is set by manually 
adjusting a DC voltage offset which is added to the DC 
voltage generated by the transducer to produce a zero 
5 voltage at the input of an operational amplifier. Any 
change in height of the transducer wiU result in a DC 
voltage at the input of the operational amplifier which wifi 
cause the servo motor to reposition the transducer to its 
initial height. The transducer will thus be constrained to 
jo follow the contour of the test structure. The AC voltage 
output from the transducer, which is an analog of the 
vibration amplitude of the test structure at the point, of 
measurement, is passed to a convenient readout device. 

Other objects and advantages of this invention wiU fur- 
15 ther become apparent hereinafter and in the drawings, in 
which: 

FIG. 1 is a pictorial and block diagram of one embodi- 
ment of the invention; and 

FIG. 2 is a block diagram of another embodiment of 
20 the invention. 

In describing the preferred embodiments of the inven- 
tion illustrated in the drawings, specific terminology will 
be resorted to for the sake of clarity. However, it is not 
intended to be limited to the specific terms so selected, and 
25 it is to be understood that each specific term includes 
all technical equivalents which operate in a similar man- 
ner to accomplish a similar purpose. 

Turning now to the specific embodiment of the inven- 
tion selected for illustration in FIG. 1 of the drawings, the 
30 number II designates a vibrating structure of irregular 
contour with one of its ends attached to a fixed body 12. 
Noncontacting transducer instrumentation 13, consisting 
of a transducer 14 and a deflection to voltage converter 
15, has its transducer positioned above the vibrating 
35 structure 11. Noncontacting transducer instrumentation 
13 produces a voltage proportional to the distance be- 
tween the vibrating structure 11 and the transducer 14. 
Noncontacting transducer instrumentation components 
are well known and commercially available, and will 
40 therefore not be disclosed in detail in this specification. 
Transducer 14 is attached to a servo motor 16 by any 
suitable means 17 so that the position of the shaft of 
servo motor 16 determines the distance between trans- 
ducer 14 and vibrating structure 11, Servo motor 16 
45 is supported by a transporting carriage 30 which can be 
moved on a track 31. When transporting carriage 30 
moves on track 31, transducer 14 moves along vibrating 
structure 11. The output from noncontacting transducer 
instrumentation 13 is recorded by a suitable recorder 20 
60 and is connected through an isolation resistor 18 to an 
operational amplifier 19. Also applied to the input of 
operational amplifier 19 is an adjustable DC offset voltage 
21. The voltage produced by DC offset 21 is negative with 
respect to the voltage produced by transducer instrumenta- 
5 tion 13 so that the DC voltage at the Input of amplifier 
19 will always be approximately zero. The output of 
operational amplifier 19 is connected to a two-position 
selector switch 22. For one position of selector switch 22 
the output of operational amplifier 19 is connected to a 
u low-pass filter 23 and for the other position amplifier 19 
is connected to a rectifier filter 24. The outputs of low- 
pass filter 23 and rectifier filter 24 are connected to servo 
motor 16 through a servo amplifier 25. Connected to the 
shaft of servo motor 16 is a tachometer 26 which gener- 
0 ates a rate dependent voltage that is fed back to the input 
of servo amplifier 25. Also connected to the shaft of 
servo motor 16 by suitable means 17 is a differential trans- 
former 27 which produces a voltage that identifies the 
position of the shaft of servo motor 16. This voltage from 
u differential transformer 27 is applied to a differential trans- 
former converter 28 to convert the voltage to a usable 
DC form which is recorded on a suitable recorder 29. 
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The voltage generated by differential transformer 27 
could be' generated by other devices such as a potenti- 
ometer with its slider connected to the shaft of servo 
motor 16 by the suitable means 17 without departing from 
this invention. 

In the operation of the instrument in FIG. 1, transducer 
14 is placed a certain distance from the vibrating struc- 
ture 11. This distance is selected so that the transducer 
instrumentation 13 will operate on the linear portion of 
its voltage versus deflection curve. The DC offset 21 is 
adjusted so that it produces a DC voltage which is equal 
but opposite to the voltage produced by transducer in- 
strumentation 13 for this selected distance. Transporting 
carriage 30 is then moved along track 31 so that trans- 
ducer 14 is moved along the contour of vibrating struc- 
ture 11. This movement of transporting carriage 30 can 
either be a continuous movement or it can be a move- 
ment in steps. The only requirement is that this movement 
of transporting carriage 30 be correlated with the output 
produced by transducer instrumentation 13. For small de- 
flections of structure 11 (Yio of an inch or less) selector 
switch 22 is positioned such that the output of operational 
amplifier 19 is applied to low-pass filter 23. The output 
of transducer instrumentation 13 is applied through iso- 
lation resistor 18 to operational amplifier 19. Prior to 
being applied to operational amplifier 19 the DC voltage 
produced by DC offset 21 is combined with the output of 
transducer instrumentation 13 such that it opposes this 
voltage and therefore subtracts from it. Any difference in 
the DC component of the voltage produced by transducer 
instrumentation 13 and that produced by DC offset 21 
is applied through low-pass filter 23 and servo amplifier 
25 to servo motor 16 which repositions transducer 14. 
Hence transducer 14 always remains the same average 
distance from vibrating structure 11. Low-pass filter 23 
filters out the AC voltage generated by transducer instru- 
mentation 13. The output of transducer instrumentation 
13 is recorded by recorder 20 thus giving an indication of 
the vibration deflections of structure 11. It can therefore 
be readily seen that if the movement of transporting car- 
riage 20 is correlated with the recording made by recorder 
20, the vibrations of structure 11 can be determined over 
any reasonable contour. The rate feedback voltage gener- 
ated by tachometer 26 suppresses oscillations in the servo 
controlled system. 

For large vibration amplitudes of vibrating structure 
11 G/io of an inch to two inches) or when the structure II 
is still, the selector switch 22 is positioned so that the out- 
put of operational amplifier 19 is applied to rectifier filter 
24. A useful analog of displacement is no longer available 
at the output of transducer instrumentation 13; however, 
an output obtained from differential transformer 27 and 
recorded on recorder 29 is a measure of the peak vibration 
plus the contour irregularities of structure 11. When the 
structure is still, recorder 29 will record only the contour 
of structure 11. In making a measurement of these larger 
vibrations two consecutive sweeps of the structure, one 
while stationary and one while vibrating, are plotted. The 
difference in these two plots is proportional to the vibra- 
tion deflections. 

The embodiment of the invention disclosed in FIG. 2 is 
used to measure the deflection of the vibrating structure 
41 which is attached to a fixed body 42. Vibrating struc- 
ture 41 can assume several different exitation modes. 
Noncontacting transducer instrumentation 43 having a 
transducer 44 and deflection to voltage converter 45 has 
its transducer positioned a certain distance from vibrating 
Structure 41. This position remains fixed and thereby pro- 
vides a reference voltage at the output of transducer in- 
strumentation 43. This output is applied through an AC 
amplifier 46 to a phase detector 47. The embodiment of 
the invention (FIG. 2) utilizes a conventional X— Y t — Y 2 
recorder 48. This recorder has a motor 49 which posi- 
tions the carriage 50 in the X direction of the recorder. 
Motor 49 is supplied by a voltage to terminal 51. The 
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voltage applied to terminal 51 is a voltage ramp which 
will move carriage 50 at a constant speed in the X direc- 
tion of the recorder. Recorder 48 has two Y motors, 52 
and 53, which are mounted on carriage 50. Motor 52 is 
attached to a transducer 54 which is a part of noncon- 
tacting transducer instrumentation 55 consisting of trans- 
ducer 54 and deflection to voltage converter 56. The out- 
put of converter 56 is applied through an isolation resistor 
57 to an operational amplifier 58. A DC offset 59 is also 
jq connected to the input of operational amplifier 58. The 
output of operational amplifier 58 is applied through a 
low-pass filter 60 to motor 52. The output of operational 
amplifier 58 is also applied to an AC-to-DC converter 61 
and to phase detector 47. The output of phase detector 47 
15 controls switching relay 62 to either apply the output of 
DC converter 61 directly to motor 53 or invert it before 
it is applied to motor 53. Motor 52 controls the distance 
of transducer 54 from vibrating structure 41 and motor 53 
is connected to a recording pen so that as carriage 50 
20 moves in the X direction of the recorder the pin will make 
a recording 63 on the recorder. This recording 63 is a 
recording of the deflection of structure 41. Phase detector 
47 detects the phase of the voltage at the output of opera- 
tional amplifier 58 with respect to the phase of the voltage 
25 at the output of amplifier 46. If this phase is positive, 
switching relay 62 is activated such that the DC voltage 
at the output of converter 61 is applied directly to motor 
53; if this phase is negative then switching relay 62 is 
actuated to invert the output of converter 61 before it is 
30 applied to motor 53. Phase detector 47 can be a con- 
ventional ring demodulator with a meter relay control or 
rectifier control, and switching relay 62 can be a con- 
ventional DPDT relay. 

In the operation of the instrument disclosed in FIG. 2 
35 transducers 44 and 54 are placed the desired distance 
from vibrating structure 41. The DC offset 59 is adjusted 
so that transducer instrumentation 55 responds linearly 
to the deflection. A voltage ramp is then applied to ter- 
minal 51 which causes motor 49 to move carriage 50 in 
40 the X direction. As this happens, transducer 54 moves 
along the vibrating structure 41 and produces a voltage 
the DC part of which is proportional to the distance from 
the structure to transducer 54. If the DC voltage 
produced by transducer instrumentation 55 varies from 
the voltage produced by DC offset 59, the difference volt- 
45 age is applied through amplifier 58 and low-pass filter 
60 to motor 52 which repositions transducer 54 so that the 
difference voltage becomes zero. Hence transducer 54 is 
always maintained at the same selected average distance 
from vibrating structure 41. The AC voltage at the output 
of operational amplifier 58 is applied to converter 61 and 
to phase detector 47. If the AC voltage at the output of 
operational amplifier 58 is in opposite phase with respect 
to the AC voltage at the output of AC amplifier 46, phase 
detector 47 produced a signal which actuates switching 
relay 62 to invert the output of converter 61 before it is 
applied to motor 53. If the AC voltage at the output of 
operational amplifier 58 is in phase with the AC voltage 
from AC amplifier 46, phase detector 47 produces a signal 
which actuates the switching relay 62 such that the output 
of converter 61 is unchanged before it is applied to motor 
53. Since motor 53 has a recording pen connected to it, 
it makes the recording 63 which represents the deflection 
of vibrating structure 41 and also gives the phase informa- 
tion. That is, it tells whether or not the vibration is nega- 
tive with respect to the vibrations opposite transducer 44. 

This invention offers several advantages over prior art 
methods of measuring the deflection of vibrating struc- 
tures. It provides a noncontacting vibrating structure de- 
70 flection measuring device that has a constant sensitivity, 
that is not limited in the amplitudes of the vibrations 
measured and that does not require the use of profile 
guides. 

What is claimed is: 

75 1. An instrument for measuring the deflection of a. 
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vibrating structure comprising: noncontacting transducer 
instrumentation, including a transducer and converter 
which produces a voltage proportional to the distance 
between the transducer and a structure; means for moving 
said transducer along said vibrating structure; servo- 
mechanism means responsive to the voltage produced by 
said noncontacting transducer instrumentation for main- 
taining said transducer the same selected distance from 
said vibrating structure as the transducer moves along 
said vibrating structure; and means for measuring the out- 10 
put from said noncontacting transducer instrumentation 
whereby said measurement is a measurement of the de- 
flection of said vibrating structure. 

2. An instrument for measuring the deflection of a 
vibrating structure as claimed in claim 1 wherein said 15 
servomechanism means includes DS offset means for pro- 
ducing a fixed DC voltage that is negative with respect 

to the DC component of the voltage produced by the said 
noncontacting transducer instrumentation; means for 
summing the voltage produced by said DC offset means 20 
and said noncontacting transducer instrumentation; low- 
pass filter means for passing only the DC component of 
said summed voltage; and servomotor means for position- 
ing said transducer in accordance with said filtered volt- 
age. 

3. An instrument for measuring the deflection of a 
vibrating structure comprising: an XY^ recorder with 
the X direction of the recorder parallel to said vibrating 
structure; non contacting transducer instrumentation, in- 
cluding a transducer and converter, which produces a 30 
voltage proportional to the distance between the trans- 
ducer and a structure; DC offset for producing a fixed 
DC voltage that is negative with respect to the DC com- 
ponent of the voltage produced by said noncontacting 
transducer instrumentation; means for summing the volt- 35 
ages produced by said noncontacting transducer instru- 
mentation and said DC offset; means for applying the DC 
component of said summed voltage to one of the Y 
motors of said recorder that has said transducer connect- 
ed to its shaft for maintain said transducer the same se- 40 
lected distance from said vibrating structure as said trans- 
ducer moves along said vibrating structure; means, in- 
cluding the other Y motor of said recorder, for measuring 
the AC component of said summed voltage; and means 
for mounting said Y motors for movement in the X di- 45 
rection by an X motor whereby said measurement is a 
measurment of the deflection of said vibrating structure. 

4. An instrument for measuring the deflection of a 
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vibrating structure as claimed in claim 3 wherein said 
means for measuring the AC component of said summed 
voltage includes means for converting the AC compo- 
nent of said summed voltage to DC; phase detector means 
for comparing the phase of said summed voltage with a 
fixed AC voltage and for generating a signal indicating 
that the two voltages are either iu phase or out of phase; 
and switching means receiving said signal for applying 
said converted AC component of said summed voltage to 
said other Y motor when the two compared voltages are 
in phase or for inverting said converted AC component 
of said summed voltage before it is applied to said other 
Y motor when the two compared voltages are out of 
phase. 

5. An instrument for measuring the deflection of a 
vibrating structure as claimed in claim 4 wherein said 
fixed AC voltage is generated by a noncontacting trans- 
ducer located a fixed distance from said vibrating struc- 
ture. 

6. An instrument for measuring the contour of a vi- 
brating structure comprising: noncontacting transducer 
instrumentation, including a transducer and converter 
which produces a voltage proportional to the distance be- 
tween the transducer and a structure; means for moving 

25 said transducer along said vibrating structure, servo- 
mechanism means for maintaining said transducer the 
same selected distance from said vibrating structure as 
the transducer moves along said vibrating structure; said 
servomechanism means includes a motor, a DC offset 
means for producing a fixed DC voltage that is negative 
with respect to the DC component of the voltage produced 
by said noncontacting transducer instrumentation; means 
for summing the voltage produced by said DC offset 
means and said noncontacting transducer instrumentation, 
rectifier filter means for rectifying said summed voltage 
and means for applying said rectified voltage to said mo- 
tor; and means for measuring the output of said motor 
whereby said measurement is a measurement of the con- 
tour of said vibrating structure. 
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